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Background: Intake of energy providing liquids (EPL) other than breast milk or formula to infants is
discouraged because it may displace milk intake. Data on actual practice is lacking.
Aim: To describe the current practice of EPL supply to infants in ﬁve European countries.
Method: Breastfed (BF) infants and infants fed using two formulae (FF) with different protein content
were recruited from October 2002 to June 2004. Three-day weighed food protocols of 1368 infants were
obtained monthly at the ages of 1 to 9 and again at 12 completed months.
Results: At the age of 4 months, 13% of BF and 43% of FF infants received EPL. FF infants started EPL earlier
(median 17 weeks) than BF infants (median 30 weeks). EPL intake was associated with a lower intake of
formula milk and solids (kcal/d) in the ﬁrst year of life. Multiple regression analysis showed signiﬁcant
differences in EPL introduction between the individual countries.
Conclusion: In contrast to recommendations, EPL is frequently given during the ﬁrst months of life to
breastfed and particularly to formula fed infants. Infants given EPL showed lower intakes of infant
formula and solids. Caregivers should receive better counselling on appropriate infant feeding.
 2010 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.1. Introduction
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2010.04.003milk, infant formula or follow-on formula) in addition to breast-
feeding (or formula feeding) before 17 weeks nor later than 26
weeks of age.1,2 Infants do not require additional liquids like water,
tea, juices, sweetened beverages or other energy providing liquids
(EPL) other than breast milk or infant formula during at least the
ﬁrst half year of life, with the possible exception of selected
conditions such as diarrhoea, very high ambient temperatures, high
fever or other excessive ﬂuid losses, or in some selected indications
occurring in the neonatal period.3
The provision of EPL during the ﬁrst year of life is not rec-
ommended. Feeding infants with EPL may displace breast milk
or infant formula intake and, thereby, may adversely affect
nutrient supply.4 Moreover, infants with regular intake of EPL
might be primed to their sweet taste with a possible increased
risk for later development of dental caries or obesity.4e7 High
intakes of fruit juice can exceed the capacity for fructose
absorption and induce diarrhoea, abdominal pain and growth
faltering.8e10,4utrition and Metabolism. All rights reserved.
viding liquids during the ﬁrst year of life in ﬁve European countries,
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juices have no nutritional advantages over whole fruit; they lack
ﬁbre, are consumed more quickly and do not promote the desirable
behaviour of eating whole fruits.4 The AAP recommended to
provide fruit juices only after the age of 6 months when infants can
drink from a cup, and only as part of a meal in order to reduce the
risk of dental caries induction,4 whereas others recommended not
providing fruit juice before the age of 9 months.11 In contrast to
these recommendations, an increasing use of fruit juices in the
infant diet has been reported.12 Sales of juices for infants in the
United States increased from 9.7% of total complementary feeding
products in 1971 to 16.7% in 1984 and probably further by 1992.12
There is a lack of current data on EPL consumption by infants.
We aimed to characterize the practice of introducing EPL to infants
in ﬁve European countries with similar infant feeding recommen-
dations. Data was collected as part of the prospective European
Childhood Obesity Project. We explored whether type of milk
feeding, socio-demographic characteristics and the country of
residence were associated with EPL use, and whether EPL
consumption inﬂuences the intake of infant formula or solids.
2. Subjects and methods
2.1. Study design
Data were collected as part of the European Childhood Obesity
Project, a double-blind, randomized controlled trial with one group
of breastfed (BF) infants and two groups of formula fed (FF) infants
randomized to formula with different protein levels as a possible
risk factor for later obesity. The methodology of the study has been
previously reported.13,14 In short, eligible participants were healthy,
singletons, term infants recruited between 1 October 2002 to 31
June 2004 and followed-up in 11 study centres in 5 European
countries (Belgium, Germany, Italy, Poland and Spain). Mothers
were contacted at maternity hospitals by trained study personnel,
or after hospital discharge by midwives or paediatricians.
After receiving oral and written information of the study and
providing written consent, parents were invited to the ﬁrst medical
visit for collection of socioeconomic data, medical history of parents
and infant, and infant anthropometry. During the followingmonths,
parents and infants were followed at regular intervals in the study
centres, as well as by mailed questionnaires on feeding behaviours.
2.2. Dietary intervention
A reference group of infants fully breastfed for at least 3 months
(BF) was followed without any intervention. Formula fed infants
(FF) were randomized not later than 8 weeks of age to receive two
infant formulae and later follow-on formulae with either higher or
lower protein levels for the duration of the ﬁrst year of life.14 There
was no other intervention with respect to the infant diet.
2.3. Data collection
All data other than food protocols were collected by standard-
ized questionnaires. A 3-day weighed food protocol was chosen to
collect detailed information on the infant food and nutrient intake.
Parents were asked to complete weighed food protocol on 3
consecutive days, including 2 week days and one weekend day,
monthly at the ages of 1 to 9 completed months and again at 12
months. Volumes of milk were recorded based on the scale in the
feeding bottles. Other food items were weighed on a digital food
scale with an accuracy of 1 g (Soehnle unica, No. 66006, Nassau,
Germany) given to the parents at the 3-month study visit. Parents
were asked to record the time and place of feeding, the intake of allPlease cite this article in press as: Schiess SA, et al., Intake of energy pro
Clinical Nutrition (2010), doi:10.1016/j.clnu.2010.04.003milk, liquid and solid food; for FF infants, the quantity (grams) of
water, milk powder or cereals used for the preparation of each
formula bottle, the amount (ml) of formula milk offered and the
amount actually consumed by the infant. Parents were requested to
note any intake of liquid other than breast or infant formula, the
product and brand name of the liquid, and the time when it was
ﬁrst introduced. All other food items, their brand names or the
recipe in case of home prepared foods, the quantity (grams) of food
offered and the quantity consumed by the infant, were recorded.
Trained dieticians in all study centres entered the data of the food
protocols from their centre using a special software developed for
this study. Nutrient content data of foods was derived from the
German Food Code and Nutrient data base Bundeslebensmittel e
schlüssel, BLS II.3 (Federal Institute for Risk Assessment, Berlin,
Germany). Nutrient contents of new food items as well as country
speciﬁc foods were added to the data base as required. Standard
Operating Procedures (SOPS) were developed and implemented,
and dietary study staff participated in semi-annual training work-
shops to ensure consistent procedures and quality for data intro-
duction and calculations in all participating centres.
Wewereunable tomeasurebreastmilkvolume intake in thestudy
population of the 5 countries under the conditions of the study.
The two infant formula groups with different protein levels did
not differ in the intake of EPL, fruit juice, vegetable juice or instant
tea. Therefore, we choose to describe the results on EPL intake for
the combined group of all formula fed infants.
2.4. Deﬁnition of energy providing liquids (EPL)
Complementary foods (3281 food items) consumed during the
ﬁrst year of life by the infants in the 5 countries were classiﬁed by
their ingredients and categorized into subgroups. For this analysis,
EPL were deﬁned as sugared instant tea, fruit juices (100% fruit
juice, fruit drinks), vegetable juices provided as drinks (but not as
one ingredient of a composed dish), and other sugared beverages
(soft drinks, sugared water without or with ﬂavours).
2.5. Socio-demographic data
Mothers were categorized into three education levels (low -
¼ preliminary to lower secondary, middle¼ upper secondary and
post-secondary, and high¼ ﬁrst and second stage of tertiary
education) and by age at birth (I¼25, II¼>25 to 30, III¼>30 to
35 and IV¼>35 years).
2.6. Statistics
All analyses were stratiﬁed by feeding type (breastfed/formula
fed). Chi-square test and multiple logistic regression were used to
analyse the time points of EPL introduction. We applied multiple
logistic regression models for each month to detect associations
between maternal age, education level, smoking behaviour,
country of residence and times of introducing EPL. Wilcoxon rank-
sum tests were performed to compare the energy intakes of infants
with and without EPL consumption. Stata 9.2, SPSS 16.0 and Excel
2000 were used for data analysis.
2.7. Ethics
The study protocol was reviewed and accepted by the ethic
committees at all study centres.
3. Results
At least one informative 3-day weighed food protocol was
available for 1368 infants (82% of the 1678 infants recruited). Of theviding liquids during the ﬁrst year of life in ﬁve European countries,
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months, 875 (74%) completed all 6monthly food protocols until this
age.
4. BF infants
Some 75% of BF infants received EPL during the ﬁrst year of life.
The median age at introduction was 30 weeks. Ten percent of
breastfed infants received EPL at 9 weeks, 8% to 10% of the BF
infants received EPL (mostly instant tea) during the ﬁrst 3 months
of life (Fig. 1A). From 4 to 6 completed months, the proportion of BF
infants introduced to EPL increased from 13% to 36%.
There were marked differences in EPL consumption between
countries (Fig. 2A). At the age of 1 month, 8% of BF infants in Italy,
14% in Poland and 10% in Spain, received EPL. At 3 months we found
the highest proportions of infants with EPL intake in Poland and
Italy and at 4 to 9 months in Poland and Spain.
Also the type of EPL consumed differed considerably between
the countries. Not more than 10% of the BF infants in Germany,Fig. 1. Percentage (%) and standard error (SE) of breastfed (A) and formula fed infants (B
Please cite this article in press as: Schiess SA, et al., Intake of energy pro
Clinical Nutrition (2010), doi:10.1016/j.clnu.2010.04.003Belgium and Spain consumed instant tea during the ﬁrst year of life,
whereas 56 % of BF infants in Poland and 29% in Italy received
instant tea (Table S1).
At the age of 4 completed months 7% of BF infants received fruit
juice. Early introduction (mainly orange juice) was seen especially
in Spain, where 23% of all infants received some at the age of 4
completed months (Table S1). The highest proportions of BF infants
with an intake of fruit juice were found in the second half of the
year in Poland (34% to 66%) and Spain (44% to 61%), and at the end
of the ﬁrst year in Germany (58%), whereas Italian infants showed
the lowest proportion (13% to 29%) (data not shown). Vegetable
juice (mostly carrot juice) was consumed almost exclusively by
Polish and German BF infants (Table S1). No BF infants had received
vegetable juice until the age of 4 months while 2% of BF infants in
Belgium, 7% in Germany and 16% in Poland consumed some vege-
table juice at the age of 6 months.
Beverages like soft drinks or sugar-added ﬂavoured waters were
hardly consumed at all by BF infants (<0.5 %) during the ﬁrst year of
life.) with intake of instant tea, fruit juice or vegetable juice during the ﬁrst year of life.
viding liquids during the ﬁrst year of life in ﬁve European countries,
Fig. 2. Percentage (%) and standard error (SE) of breastfed (A) and formula fed infants (B) with intake of energy providing liquid (EPL) by country, at the age of 1 to 9 and 12
completed months.
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introduction of EPL in BF infants during the ﬁrst 7 months of life,
including the effects of maternal age, education level, smoking
behaviour and country of residence, the main predicting factor for
introduction of EPL was consistently the country of residence
(Table 1). Polish BF infants had a 17-fold higher odds to consume
EPL at the age of 3 months than BF infants in Germany. Also, in
Italy, we found a 10-fold higher risk for BF infants to receive EPL
at the age of 3 months, and in Spain at the age of 4 months, as
compared to BF infants in Germany.
We repeated the same analytical approach for instant tea, fruit
and vegetable juice. In addition to the effect of country of residence,
a low maternal educational level was associated with introduction
of EPL and instant tea at the age of 3 completed months (OR 4.3, CI:
1.3-14.0, p¼ 0.17), and maternal smoking was associated with
introduction of fruit juice at 4 (OR 3.2, CI: 1.0e9.8, p¼ 0.04) and 6
completed months (OR 2.2, CI: 1.1e4.3, p¼ 0.02) (data not shown).5. FF infants
During the ﬁrst year of life, 86% of FF infants received EPL and
the median age at introduction was 17 weeks. Some 30.0% of FF
infants received EPL at the age of onemonth and 43% and 57% at the
ages of 4 and 6 completed months, respectively. During the ﬁrst 4
months, instant tea, with up to 33% of the infants, was the
predominant EPL consumed by the FF infants (Fig. 1B). Fruit juices
(mainly apple and orange juice) were given to 31% of FF infants at 5
months and up to 46% during the following months. Some 5% of all
the FF infants consumed vegetable juice (mainly carrot juice or
mixtures of carrot juice with fruit juice) at 4 months, and less than
10% during the rest of the year. Other sugared beverages were
hardly consumed by FF infants at all (<0.5%).
We found signiﬁcant differences between the countries in EPL
consumption (Fig. 2B). During the ﬁrst 4 months of life, infants in
Poland had the highest proportion receiving EPL (79% to 88%),Please cite this article in press as: Schiess SA, et al., Intake of energy pro
Clinical Nutrition (2010), doi:10.1016/j.clnu.2010.04.003followed by Germany (35% to 44%), Italy (25% to 33%), Spain (22% to
35%) and Belgium (1% to 12%).
Instant teas were consumed by 88% of FF infants in Poland at the
age of one month, and between 70% and 88% during the ﬁrst year of
life (Table S2). During the ﬁrst 4 months of life, 28% to 32% of FF
infants in Germany, 25% to 31% in Italy and 26% to 13% in Spain
consumed some instant tea. In Spain, this proportion declined over
the year and, in Belgium, less than 5% of all FF infants received
instant tea.
At the age of 4 months 14% of FF infants consumed some fruit
juice. Italy (0% to 29%) had the lowest proportion of infants getting
fruit juice during the ﬁrst year, whereas infants in Germany (2% to
3%) and Spain (2% to 8%) already received fruit juice during the ﬁrst
3 months of life (Table S2). At the age of 4 months (17 weeks), 10%
FF infants in Germany, 11% in Belgium, 20% in Poland and 24% in
Spain consumed some fruit juice. In Italy, only 2% of the FF infants
consumed fruit juice at 4months and 10% at 6months, as compared
to 39%e54% in the other countries.
Vegetable juice was consumed by Polish and German FF infants
between the ages of 3 and 12 completed months, but hardly in
other countries (Table S2). Applying a multiple logistic regression
model for each of the ﬁrst 7 months, including maternal age,
education level, smoking behaviour and country of residence as
covariates for the introduction of EPL or instant tea in FF infants
during the ﬁrst year of life, country of residence was the only
consistent predictive factor for an earlier introduction of EPL (in all
months, p< 0.001, Table 1). Compared to Germany, FF infants in
Poland had an approximately 6 to 14-fold higher risk for EPL intake.
Repeating the analysis only with the introduction of fruit juice in FF
infants, the country of residence was also seen to be a risk factor at
the ages of 3 to 12 months (p< 0.05). Intakes of any EPL were not
associated with protein contents of study formula, birth weight or
birth order. The two formula groups also did not differ regarding
the consumption of fruit juice, vegetable juice or instant tea,
with the only exception being a signiﬁcantly higher fruit juice
intake in the high protein group at the age of 5 months (p¼ 0.026).viding liquids during the ﬁrst year of life in ﬁve European countries,
Table 1
Odds ratios (95% conﬁdence interval) for the introduction of energy providing liquid in the countries compared to Germany (reference). Based on logistic regression for each
age group (age of 1 to 7 completed months) including maternal age, maternal education level and maternal smoking behaviour.
Age (completed months) Belgium Italy Poland Spain
OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value
Breastfed infants
1
2 3.92 (1.08e14.17) 0.04
3 9.94 (1.26e78.51) 0.03 17.71 (2.06e152.62) 0.01
4 8.20 (1.57e42.85) 0.01 10.20 (2.23e46.70) 0.003
5 3.46 (1.14e9.84) 0.02 6.38 (2.49e16.38) <0.001
6 3.40 (1.40e8.28) 0.01 3.13 (1.41e6.95) 0.01
7 3.53 (1.40e8.85) 0.01 2.74 (1.26e5.99) 0.01
Formula fed infants
1 0.02 (0.003e0.15) <0.001 11.77 (5.03e27.54) <0.001
2 0.05 (0.16e0.18) <0.001 5.71 (3.36e9.70) <0.001
3 0.09 (0.03e0.25) <0.001 7.31 (4.22e12.68) <0.001 0.53 (0.33e0.85) 0.01
4 0.20 (0.10e0.41) <0.001 8.30 (4.54e15.17) <0.001
5 0.44 (0.24e0.80) 0.01 0.58 (0.36e0.93) 0.03 14.13 (6.85e29.16) <0.001
6 0.40 (0.22e0.72) 0.01 0.42 (0.26e0.67) <0.001 9.24 (4.24e20.12) <0.001
7 0.43 (0.26e0.69) <0.001 9.06 (3.97e20.66) <0.001
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including the effect of country of residence, maternal age and
educational level as well as the maternal smoking behaviour, we
found that FF infants were 5 timesmore likely to receive EPL up to 4
months of age (OR:5.1; 95%CI: 4.1e6.3).6. Energy providing liquid and energy intake
Table 2 shows the total energy intake (kcal/d), the energy intake
from EPL, formula milk and solids of FF infants with and without
EPL consumption. FF infants receiving EPL had a signiﬁcantly lower
energy supply through infant formula at the ages of 2 to 5 months.
This is also seen in Table S3 where the median intake of EPL (ml/d),
as well as the intake of infant formula (ml/d) in FF infants with and
without EPL, are shown. At the ages of 4 and 5 months, infants
receiving EPL consumed a signiﬁcantly higher energy intake from
solids than infants without EPL consumption. But infants with EPL
consumption had a signiﬁcantly lower energy intake from solids at
the ages of 7 to 9 and at 12 completed months.7. Discussion
This study shows that EPL are given to a very high proportion of
European infants during the ﬁrst months of life. Some 13% of BF
infants and 43% of FF infants receive EPL by the age of 4 months,
even though such a practice is not supported at all by current
recommendations.2 There is no nutritional beneﬁt of feeding EPL or
fruit juices to infants during the ﬁrst months of life, but there is
a possible risk of displacing nutrient intakes from breast milk or
infant formula.15e17 Our data analysis revealed a lower formula
milk intake (kcal/d) in FF infants who consumed EPL during the ﬁrst
months of life. Furthermore, infants who consumed EPL had
a lower solids intake (kcal/d) during the second half of the ﬁrst year.
The signiﬁcantly lower infant formula intake in infants with EPL
coincides with the time of the highest percentage of infants with
instant tea intake as EPL. This is of concern, since instant tea
provides only rapidly absorbable carbohydrates and none of the
essential nutrients supplied with breast milk or infant formula.
Infants who received EPL had signiﬁcantly higher energy intakes
from solids at the ages of 4 and 5 months as compared to infants
who did not receive EPL, suggesting that the provision of EPL is
associated with an earlier solid introduction in the infant’s diet.Please cite this article in press as: Schiess SA, et al., Intake of energy pro
Clinical Nutrition (2010), doi:10.1016/j.clnu.2010.04.003There are markedly different feeding practices between the
countries. Both in FF and BF infants, country of residence is a consis-
tent predictive factor for the time of EPL introduction (Table 1). These
country differences might be due to differences in local traditions of
infant feeding or in communication to parents, but are not explained
by infant feeding recommendations which are similar throughout
these ﬁve countries.
Our ﬁndings also show that FF infants receive EPL and solids
earlier and to a higher proportion then BF infants, although the
recommendations do not differ.18,19 Up to the age of 4 months, FF
infants were 5 times more likely to receive EPL than BF infants.
Parada et al. also found higher consumption frequencies of tea and
juices among bottle fed than among breastfed infants in Brazil
during the ﬁrst months of life.20 Similarly, Emmett et al. found
a higher percentage of British FF infants than BF infants receiving
additional drinks other than breast milk or infant formula, and they
speculated that this could be due to FF infants being accustomed to
drinking from bottles.21
In our study group, instant teas were the predominate form of
EPL during the ﬁrst months of life, whereas fruit and vegetable
juices were increasingly introduced from 3 to 4 completed months
onwards and consumed in higher proportions during the second
half of the ﬁrst year (Figs. 1 and 2). Instant teas might be used in
young infants with excessive crying, based on the assumption that
infants should get some liquid in addition to breast milk or formula,
whereas older infants might get fruit juice as a nutritional
supplement or because it may be perceived to be more similar to
complementary foods given at older ages. Parada et al. found higher
percentages of Brazilian infants with an intake of teas from birth to
the age of 4 months (29% for BF infants and 47% for FF infants)
compared to our infants, and even up to 69% of the infants with an
intake of fruit juices during the second half of the ﬁrst year.20 In the
Feeding Infants and Toddlers Study (FITS), Menella et al. analysed
the foods fed to Hispanic and non-Hispanic infants in the United
States, and found similar percentages of infants with fruit juice
intake as we found for our FF infants, but a much higher proportion
of infants who consumed vegetable juice, even compared to our
highest percentage of infants with an intake of vegetable juice who
were found in Poland.22
Sweet drinks are not recommended in the infant diet because
they contribute few nutrients other than energy, whereas appro-
priate intake of breast milk or infant formula as well as comple-
mentary foods should provide the infantswith an adequate nutrientviding liquids during the ﬁrst year of life in ﬁve European countries,
Table 2
Intake of total energy (kcal/d), energy providing liquids (kcal/d), solids (kcal/d) and formula milk (kcal/d) by infants with and without intake of energy providing liquid (EPL),
presented as median and interquartile range (IQR).
Age
(completed months)
N Infants with EPL intake N Infants without EPL intake p Valuea
Total energy intake (kcal/d) Total energy intake (kcal/d)
(Median) (IQR) (Median) (IQR)
1 181 530 (450;586) 506 514 (445;575)
2 275 560 (487;619) 633 548 (489;619)
3 277 570 (508;637) 642 576 (522;643)
4 330 618 (545;682) 570 611 (554;674)
5 384 664 (602;740) 498 656 (581;712) *
6 430 700 (612;794) 446 678 (610;762)
7 394 743 (656;832) 417 747 (645;833)
8 371 781 (696;887) 387 787 (682;878)
9 375 802 (693;908) 396 792 (699;903)
12 338 870 (750;988) 418 862 (747;978)
EPL intake (kcal/d)
1 10 (5;16)
2 14 (8;22)
3 15 (9;27)
4 21 (13;34)
5 27 (16;47)
6 28 (16;50)
7 30 (17;51)
8 31 (18;59)
9 37 (19;66)
12 46 (25;72)
Formula milk intake (kcal/d) Formula milk intake (kcal/d)
1 517 (435;576) 513 (443;574)
2 537 (467;599) 544 (487;616) *
3 545 (484;608) 574 (520;640) *
4 563 (489;625) 591 (530;654) *
5 506 (427;601) 562 (474;640) *
6 463 (381;537) 468 (365;548)
7 368 (305;471) 358 (290;458)
8 350 (273;459) 340 (261;429)
9 334 (252;432) 334 (259;392)
12 272 (167;361) 256 (167;344)
Solids intake (kcal/d) Solids intake (kcal/d)
1 e e e e
2 e e e
3 e e e
4 0 (0;43) 0 (0;22) *
5 110 (52;175) 65 (0;146) *
6 195 (121;267) 207 (116;309)
7 305 (211;421) 363 (231;482) *
8 366 (269;486) 426 (324;534) *
9 403 (293;526) 465 (361;576) *
12 536 (422;688) 607 (478;733) *
a Comparison was done with the Wilcoxon rank-sum test (*p< 0.05).
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products, consumption habits of parents, guidance by health care
professionals, as well as product advertising and marketing all may
inﬂuence the consumption habits of sweet drinks.27,28,15,16
In conclusion, this study shows that, in contrast to current
recommendations, EPL are provided surprisingly early and at
a surprisingly high rate to infants during the ﬁrst year of life,
particularly in FF infants. The provision of EPL is associated with
a lower energy intake from infant formula, earlier introduction of
solids, and less energy intake from solids during the second half of
the ﬁrst year of life. Infant feeding practices should be improved by
informing health care professionals, parents, and manufacturers of
infant food products.
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